Using ordered mesoporous carbon (OMC) as the sensing material, an amperometric biosensor for ascorbic acid (AA) determination was successfully built on a glassy carbon electrode (GCE). Using a micro-electrochemistry system (MECS), the detection capability of the sensor was evaluated. Compared with the results obtained for a bare GCE, the AA oxidation overpotential of the OMC detector decreased by approximately 800 mV. The electro-catalytic oxidation peak currents had a linear relationship with the AA concentration over the range of 3.5 × 10 − 7 -7 × 10 − 5 mol/L and a detection limit of 1.5 × 10 − 7 mol/L (S/N = 3). Additionally, the sensor was shown to be interference free and exhibited good stability and reproducibility.
INTRODUCTION
Since their discovery in 1992, ordered mesoporous carbon materials have been widely studied due to their potential applications at the nanometre scale [1, 2] . OMC is a kind of mesoporous material that is chemically inert and has a well-ordered pore structure, large pore volume and high specific surface area. Based on these characteristics, OMC has numerous applications in the field of electrochemistry [3, 4] . However, little attention has been paid to the effects of pore size on the electro-catalytic abilities of OMC. Recently, using SBA-15 as a template and sucrose as carbon source, Guo synthesized a number of OMC-x materials (where x refers to the sucrose-to-silica weight ratio) with different pore sizes [5] . The results showed that materials with lower sucrose-to-silica weight ratios exhibited higher electrochemical abilities and faster electron transfer rates than those with higher ratios. This phenomenon was due to the existence of more edge plane defects.
For human survival, ascorbic acid (AA) plays a compulsory and very important role. However, AA bioavailability is highly dependent on dietary intake and cannot be biochemically synthesized in the human body. Therefore, determination of the AA concentrations in food is of high importance. It is essential to develop simple and rapid methods for the determination of AA in the pharmaceutical and food industries. For this purpose, multiple methods have been developed [6, 7] . Among them, electrochemical methods have been considered to be one of the most promising approaches due to the high sensitivity and simplicity of these methods. However, on bare electrodes, AA exhibits a high oxidation overpotential and irreversible electrochemical behaviour [8] , resulting in electrode fouling, poor reproducibility, low selectivity and poor sensitivity. Thus, various chemically modified electrodes (CME) have been developed to decrease the AA oxidation overpotential. For example, Tian [9] obtained a decrease in the overpotential of 220 mV on a vanadium oxide polypropylene carbonate modified GCE. On a carbon nanotube and redox-polymer multilayered film-modified screen-printed carbon electrode [10] , the decrease in overpotential was approximately 350 mV.
For AA determination, newer materials with simple production processes and high electrocatalytic activities are still needed. Here, an OMC-0.6 material is presented. AA oxidation is catalysed by this material with a decrease in the overpotential of approximately 800 mV compared to a bare GCE, and AA can be selectively determined in the presence of UA and DA.
EXPERIMENTAL
Based on previously reported methods [5] , ordered mesoporous carbon (OMC) was synthesized. Because the silica-to-sucrose ratio (w/w) was controlled to be 0.6, this material was labelled OMC-0.6. Ascorbic acid (AA), potassium chloride (KCl), potassium ferricyanide (K3Fe(CN)6), potassium dihydrogen phosphate (KH2PO4), dipotassium hydrogen phosphate (K2HPO4) and uric acid (UA) were purchased from Beijing Chemical. Co. Ltd. Doubly distilled water was used throughout the experiment.
X-ray diffraction (XRD) results were obtained on a D4 X-ray diffractometer (Brucker, Germany) with Cu Kα radiation (λ = 0.15406 nm) operating at 40 kV and 20 mA. N2-adsorption isotherms were carried out on an ASAP 2020 (Micromeritics, USA), and the pore size distributions (PSD) were calculated using the BJH method. Raman spectroscopy was obtained on a Renishaw-1000 Raman spectrometer (Renishaw, UK).
Electrochemical measurements, including cyclic voltammograms (CVs) and chronoamperometry (current-time), were carried out on a CHI660B electrochemical work station. The OMC-0.6 modified glassy carbon electrodes (OMC 0.6/GCE), Ag/AgCl and a PT wire served as the working, reference and counter electrodes, respectively. For the characterization of the electrode, the scan rate for the CV measurements was set to 50 mV/s, whereas for the determination of AA, the scan rate for the CV measurements was set to 20 mV/s. All the solutions were purged with nitrogen and prepared daily.
RESULTS AND DISCUSSION
The characteristics of OMC-0.6 are described as follows. From the XRD pattern, the three wellresolved XRD peaks of OMC can be assigned to the (100), (110), and (200) planes, which are characteristic of a 2-D hexagonal P6mm symmetry, indicating that OMC-0.6 possess an ordered arrangement of hexagonally uniform mesopores with long-range order [3] . From the Raman spectrum, the G peak at approximately 1577 cm -1 and the D peak at approximately 1326 cm -1 are assigned to the Raman-active E2g mode and the presence of defects in the graphitic layer, respectively. The relative intensity ratio of the D and G bands (ID/IG ratio) was calculated to be 1.58, which is higher than that of other reported OMC-x materials (x = 0.6) [11] . According to previous reports [12, 13] , it can be concluded that more edge-plane defective sites exist on the surface of OMC-0.6 than do for other OMCx materials (x = 0.6). The N2 adsorption isotherm of OMC-0.6 exhibits a typical type IV shape, according to IUPAC classification, indicating its mesoporous characteristics. The pore size and volume were calculated to be 4.7 nm and 987 m 2 g -1 , respectively, which indicates that OMC-0.6 has a high pore volume and surface heterogeneity, which are beneficial for electro-catalytic applications [14, 15] . The OMC-0.6/GCE was first studied using cyclic voltammetry (CV) in a 5 mM K3Fe(CN)6 + 0.1 M KCl solution. As shown in Fig. 1 , the peak separation was 96 mV for the bare GCE (a) and 63 mV for the OMC-0.6/GCE (b), which suggested a faster electron transfer rate in the OMC-0.6/GCE [4] . Additionally, the peak currents obtained for the OMC-0.6/GCE were much higher than those of the GCE. According to the Randles-Sevcik equation, the peak currents are proportional to the area of the electroactive surface area, which means that the electro-active surface area of the OMC-0.6/GCE is larger than that of the bare GCE. The results above indicate that the OMC-0.6/GCE has a relatively better electrochemical reactivity, which is attributed to the large number of edge plane defect sites on the OMC-0.6 surface that are accessible to the electrolyte [16] .
The inset of Fig. 1 shows the plot of the peak current vs. square root of the scan rate, which was obtained on the OMC-0.6/GCE in a 5 mM K3Fe(CN)6 + 0.1 M KCl solution. It was found that the curve increased linearly over the range of 0.01 to 0.2 V/s, which indicated that the electrode reaction was controlled by diffusion. Fig. 2 shows the CV curves of the bare GCE and OMC-0.6/GCE in 1.15 mol/L PBS solution (pH 7.0) in both the absence and presence of 10 mmol/L of AA. As seen, when no AA is present, both the GCE and OMC-0.6/GCE exhibit no electrochemical response, whereas in the presence of AA, electrochemical responses are observed for all the electrodes. Compared with the bare GCE, the AA oxidation overpotential decreases by approximately 800 mV on the OMC-0.6/GCE, which can be attributed to the edge plane defect sites on the OMC-0.6 surface [12, 13] . 3 shows the CV curves of the OMC-0.6/GCE in a 1.15mol/L PBS solution (pH 7.0) in the presence of different concentrations of AA. It can be seen that the oxidation currents increased significantly with increasing AA, which suggests that the OMC-0.6/GCE has excellent electro-catalytic activity towards the oxidation of AA and can be used as an AA electrochemical sensor.
As has been previously reported, DA and UA are the most common interfering agents in the electrochemical determination of AA due to the overlap of their oxidation peaks. Here, UA and DA were chosen to act as interfering agents. The inset of Fig. 3 shows the current vs. time curves for the successive additions of AA, DA or UA to PBS to form the same final concentrations. The applied potential is 0.0 V. As can be observed from the plots, with increasing amounts of AA, the oxidative current increased and the response time was fast. A linear relationship between the current response and AA concentration was obtained over the range of 3.5 × 10 − 7 to 7 × 10 − 5 mol/L with a correlation coefficient of 0.999 (n = 10), and the detection limit was 1.5 × 10 − 7 mol/L (S/N = 3). No changes in the oxidative currents were seen upon the addition of UA or DA, which proved that AA could be selectively determined in the presence of UA and DA. Table 1 presents a comparison between the analytical performances of previously reported AA sensors and that of the current work. From the comparison, it can be concluded that the present method has a relatively low detection limit, and it is linear over a range that several of the methods cannot reach.
To test the applicability of the present method, the iodine method (a kind of titration) was used as a standard reference [23] . For comparison, five different concentrations of AA were prepared and subsequently determined with both methods and the results are included in Table 2 The repeatability of the present sensor was studied by performing parallel experiments, for which the relative standard deviation was 4% (n = 10). After storing at 4 °C for two weeks, the response of the present sensor to a 1 mmol/L solution of AA decreased by less than 3% of the initial value, which proved this detector has good stability.
For the application of this sensor to real sample analysis, a commercially available sample, a vitamin C boiling tablet, was chosen. Using the standard addition method, the average recovery was 98.0% (R.S.D. 3.6%, n = 6), which was a satisfactory result and further proved the application value of the sensor.
CONCLUSIONS
Using an OMC-0.6 material as the sensing material, an AA sensor was successfully constructed. With the sensor, the AA oxidation over-potential decreased by approximately 800 mV compared to a bare GCE, and it was found that AA can be selectively determined in the presence of DA and UA. Additionally, this method of sensor construction possesses great potential applicability to the detection of AA or other species.
